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PollutionAbstract Nutrient and heavy metal pollutions are major concern worldwide. This study aimed at
comparing the effect of Ni2+ on nutrient removal efﬁciency of four indigenous wastewater proto-
zoan species (Aspidisca sp., Paramecium sp., Peranema sp., Trachelophyllum sp.). Speciﬁc physico-
chemical parameters and microbial growth/die-off were measured using standard methods. The
results revealed that protozoan species were able to simultaneously remove phosphate, nitrate
and Ni2+ at concentrations ranging between 66.4–99.36%, 56.19–99.88% and 45.98–85.69%,
respectively. Peranema sp. appeared to be the isolates with the highest removal of nutrients (Phos-
phate-99.36% and Nitrate-99.88%) while Paramecium sp. showed higher removal of Ni2+ at
85.69% and low removal of nutrients. Aspidisca sp. was the most sensitive isolate to Ni2+ but with
signiﬁcant nutrient removal (Phosphate-66.4% and Nitrate-56.19%) at 10 mg-N2+/L followed by
an inhibition of nutrient removal at Ni2+ concentration greater than 10 mg/L. Signiﬁcant correla-
tion between the growth rate and nutrient removal (r= 0.806/0.799, p< 0.05 for phosphate and
nitrate, respectively) was noted. Except for Peranema sp. which revealed better nutrient removal
ability at 10 mg-Ni2+/L, an increase in Ni2+ concentration had a signiﬁcant effect on nutrient
removal efﬁciency of these indigenous protozoan species. This study suggests that although Ni2+
appeared to be toxic to microbial isolates, its effect at a low concentration (10 mg-Ni2+/L) towards
these isolates can be used to enhance the wastewater treatment process for the removal of nutrients.
Peranema sp., which was able to remove both Ni2+ and nutrients from wastewater mixed-liquor,
can also be used for bioremediation of wastewater systems.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Since the twentieth century, the world has been characterised
by a dramatic increase in the human population, the rising
standard of living, industrialisation, mining operations and
urbanisation. These features have been reported to negatively
impact not only on the use of available water resources, but
also on aquatic life. Pollutions caused by chemical pollutants,
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issue (Balamane-Zizi and Ait-Amar, 2012).
Nutrient pollution caused by excessive inputs of mostly
nitrogen and phosphorus has been reported as being the main
contributor to eutrophication in water sources (Boesch, 2002).
Nitrogen is the most abundant chemical element in the earth’s
atmosphere (approximately 80%), and also one of the essential
and crucial elements for any form of life (Camargo and
Alonso, 2006). Since most living organisms cannot use nitro-
gen in the gaseous form, ammonium (NH4
+), nitrite (NO2
)
and nitrate (NO3
) are the most common variety of chemical
forms present and used in the aquatic environment (Rabalais
et al., 2009). Besides this important role, nitrate in groundwa-
ter and surface water has been reported to pose a potential
health hazard when present in excessive concentrations
(Akpor et al., 2008). It has been found that nitrate plays a
major role in blue baby syndrome (Knobeloch et al., 2000).
Similar to nitrogen, phosphorus (phosphate) has been
recognised as one of the most common elements on earth
and an essential nutrient to all living organisms. Previous stud-
ies have pointed out that in living organisms, phosphorus plays
a crucial role in the transfer and storage of energy (ATP), pho-
tosynthesis, the manufacture of nucleic acids, proteins and car-
bohydrates, etcetera (Rychter and Rao, 2005). However, when
its input into the aquatic environment becomes higher, phos-
phorus leads to a rapid algal growth which results in eutrophi-
cation (Akpor et al., 2008). Phosphate toxicity has been
reported to accelerate the mammalian ageing process, to com-
promise the functional ability of various organisms by exerting
cytotoxic effects, to provoke several complications such as tet-
any, dehydration, hypotension, tachycardia, hyperpyrexia,
cardiac arrest and coma (Razzaque, 2011). In addition, a
higher occurrence of vascular calciﬁcation in patients with
chronic kidney disease and pulmonary oedema has been
reported as a common consequence of phosphate toxicity
(Osuka and Razzaque, 2012).
When compared to nitrogen, phosphorus is regarded as a
major concern in water pollution since cyanobacteria, mainly
responsible for eutrophication, are capable of ﬁxing molecular
nitrogen from the atmosphere, thus eliminating the require-
ment for ammonia (NH3-N) or nitrate (NO3-N) (Lopez-
Vazquez, 2009). In their study, Korstee and co-workers
Korstee et al. (1994)) found that the phosphorus concentra-
tions of 8–10 ug/L, even at nitrogen concentrations of 4–
5 mg/L, resulted in the hindrance of the phenomenon of eutro-
phication. To counteract this phenomenon, several conven-
tional wastewater treatment methods have been developed
for the removal of both nitrogen and phosphorus (Akpor
et al., 2008). These include chemical oxidation, chemical pre-
cipitation, ion exchange, etc. Due to their advantages over
the conventional methods, biological treatments have been
widely used to treat wastewater containing high nutrient
concentrations (Wagner et al., 2002). Microorganisms are
therefore known to play an active role in the solubilisation,
accumulation, transport and deposition of pollutants in the
environment (Cheremisinoff, 1995; Atuanya and Oseghe,
2006). Although the dynamic population of wastewater
systems includes bacteria, fungi, rotifers, viruses, nematodes,
and protozoa, less attention has been focused on protozoan
species when compared to algae, fungi and bacteria in terms
of the removal of pollutants.Though the biological treatment methods have been pre-
sented as the best means of removing pollutants such as nitro-
gen and phosphorus, many factors including pH, temperature,
toxic heavy metals, dissolved oxygen, and so forth, can affect
the efﬁciency of this method (Knoetze et al., 1980; Tyagi and
Couillard, 2009). Chen et al. (2008) reported that heavy metal
toxicity is one of the major causes of upset or failure in the bio-
logical wastewater treatment process. Boswell et al. (1999) also
added that the toxicity of heavy metals could affect cellular
metabolism and Polyphosphorus release/uptake during waste-
water treatment process. According to Jin et al. (1998), chro-
mium, iron, cobalt, copper, zinc, cadmium, and nickel are
the heavy metals identiﬁed to be of particular concern in the
wastewater treatment process due to their toxicity. Despite
the fact that nickel toxic effects on bacterial ability to remove
nitrate have been reported previously (Awasthi and Rai, 2005),
little is known regarding the effects of nickel toxicity on the
protozoan ability to simultaneously remove phosphate and
nitrate in wastewater. The present study aimed at assessing
the effect of Ni2+ on phosphate and nitrate removal as well
as the co-removal of Ni2+ by selected protozoan isolates.2. Materials and methods
2.1. Test organisms
The indigenous protozoan species used in this study included
Aspidisca sp., Paramecium sp., Trachelophyllum sp. and Pera-
nema sp. These protozoan species were isolated from wastewa-
ter mixed liquors collected from the aeration tanks of the
Daspoort Wastewater Treatment Plant (Pretoria, South
Africa). The isolation of the protozoan species was done using
an inverted microscope (Axiovert S100, Carl Zeiss) under ·100
to ·400 magniﬁcations and directly picking the isolates with a
handmade glass capillary. Furthermore, the protozoan isolates
were washed ﬁve times using sterile distilled water and trans-
ferred to microtitre plates containing 3–5 mL modiﬁed Chalk-
ley’s medium supplemented with the following antibiotics:
penicillin (10 lg/mL), streptomycin (66 lg/mL), tetracycline
(100 lg/mL) and sulfamethoxazole (19 lg/mL) to suppress
growth of natural bacterial contaminants (Akpor et al.,
2008). They have demonstrated the ability to successfully
remove nitrate and phosphorus in modiﬁed mixed liquor
media (Akpor et al., 2008) and also to tolerate V5+ and
Ni2+ separately (Kamika and Momba, 2011, 2012). The prep-
aration of these protozoan species was carried out according to
Akpor et al. (2008). Brieﬂy, each protozoan isolate was sepa-
rately and aseptically transferred from the stock culture to a
500 ml Erlenmeyer containing 100 ml of fresh media of Prote-
ose Peptone Glucose medium (PPG). An antibiotic (strepto-
mycin-50 lg/ml) to prevent bacterial contamination and a
heat-killed Escherichia coli-WG4 as the source of nutrient were
also added. To obtain the needed protozoan concentrations,
the inoculated ﬂasks were incubated at room temperature
(25 C) in dark conditions and the cell numbers were deter-
mined every hour using a light microscope (Leica DMLS,
Type: 020–518.500) at ·100 to ·400 magniﬁcations. Protozoan
cells were ﬁxed on the slides using the air-dried techniques and
stained with Bismarck Brown Y prior to visualising through
the microscope.
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Wastewater samples (5 L) were collected on a monthly basis
between November 2011 and May 2012 from the anaerobic
and aerobic zone of the Northern Wastewater Treatment
Works in Johannesburg and transported in a cooler box to
the laboratory. Prior to their use for the preparation of the cul-
ture media, the wastewater samples were allowed to settle for
2 h and ﬁltered using a ﬁlter paper (Whatman No. 1) in order
to remove biomass and other suspended solids. The ﬁltered
samples from both zones were mixed and screened in terms
of chemical oxygen demand (COD), dissolved oxygen (DO),
pH, phosphate, nitrate and metal presence (Ni2+). The
COD, nitrate and phosphate concentrations were measured
using closed reﬂux methods as described in standard methods
(APHA, 2001), while other parameters, such as pH and DO,
were analysed using a pH probe (Model: PHC101, HACH)
and DO probe (Model: LDO, HACH). The Ni2+ concentra-
tions were determined using the Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES). D-glucose anhy-
drate (2.5 g/L), MgSO4Æ7H2O (0.5 g/L) and KNO3 (0.18 g/L)
were added to the ﬁltrate to serve as a carbon source and nutri-
ent supplement in the mixed liquor (Momba and Cloete, 1996).
The test metal used in the experimental study was of analytical
grade and was purchased from Sigma Aldrich (Cape Town,
South Africa). Nickel nitrate [Ni(NO3)2] was used as a source
of Ni2+ ions. The stock solution of Ni2+ at a concentration of
1000 ppm was prepared using deionised water. The experimen-
tal study was performed in triplicate for each sample.
A 200 mL wastewater mixed liquor medium was prepared
with Ni2+ at a concentration of 10 to 50 ppm-Ni2+ (increased
at a geometric scale of 10 ppm). To maintain the nutrients in
solution, the pH of the modiﬁed wastewater mixed liquor was
maintained as acidic (6.5 ± 0.3) by adding 1.0 M HCl and
1.0 M NaOH (Merck, SA). The ICP-OES was used to conﬁrm
the Ni2+ concentrations in the wastewater mixed liquor media,
while nitrate and phosphate concentrations were conﬁrmed
using the standard methods. The culture medium was auto-
claved and cooled down to room temperature before use. An
aliquot (1 mL) was plated onto the sterile bacteriological agar
and incubated at 37 C for 24 h to check the sterility of this
medium. Only ﬂasks containing the sterile media were inocu-
lated with a known population of the respective test organisms.
2.3. Determination of Ni2+ effects on nutrient removal
The experiments were conducted in 250 mL Erlenmeyer ﬂasks
containing 200 mL of the modiﬁed mixed liquor. The ﬂasks
were aseptically inoculated with a fresh culture of protozoan
(100 Cells/mL) isolates separately. For each microbial iso-
late, positive and negative controls were used in this experi-
mental study. The positive control ﬂask contained the mixed
liquor without Ni2+ and the negative control had the mixed
liquor with 50 ppm-Ni2+. The negative control was used to
assess any external contamination in the samples during the
experimental study. To check the effect of Ni2+ on the ability
of microbial isolates to remove nutrient, the protozoan isolates
were separately inoculated in the culture media containing the
mixture Ni2+. All the inoculated samples as well as the
controls were incubated at 30 ± 2 C for four days. After each
24 h period, samples were homogeneously shaken, an aliquotof 30 mL was taken, and analyses for growth/die-off of the
microbial isolates, pH, COD and DO, phosphate, nitrate
concentrations were performed. The Ni2+ median lethal con-
centration (LC50) was estimated according to the inhibition
concentration approach. The ﬁrst-order die-off rate (mortality
rate) of microbial species was calculated using the formula
reported by Peng et al. (2008):
Yt ¼ Y0eKt ð1Þ
where
K= the die-off rate coefﬁcient (dimensionless).
Y0 and Yt = number of microorganisms at time 0 and t,
respectively.
The die-off rate coefﬁcient was converted into a percentage
rate by using the total inhibition/die-off of the colony/cell
counts as the 100% die-off rate. The growth rates of the micro-
bial species were calculated using the formula reported by
Farrier-Pages and Rassoulzadegan (1994):
Growth rate ðd1Þ ¼ ðlnC1  lnC0Þðt1  t0Þ ð2Þ
where C0 and C1 are the concentrations of protozoa in the
beginning and at the end of the incubation period, respectively,
and t1  t0 represents elapsed time between the selected
intervals.
2.4. Determination of the COD and DO in mixed liquor
inoculated with test organisms
The COD as the pollutant and DO as the nutrient for micro-
bial growth were determined as described above in order to
identify their effects and that of Ni2+ toxicity on organisms
in wastewater mixed liquor. The COD concentration was
determined as described in standard methods (APHA, 2001).
2.5. Statistical analysis
The data were statistically analysed using the Stata computer
software. One-way analysis of variances was used to compare
isolates. The tests for relationships were carried out using the
Pearson correlation index and the interpretation was
performed at a two-sided 95% conﬁdence limit.
3. Results
3.1. Effect of Ni2+ on nitrate and phosphate removal in
wastewater
Fig. 1 illustrates the percentage removal of nitrate by speciﬁc
test organisms in the modiﬁed wastewater mixed liquor con-
taining various concentrations of Ni2+. In general, the nitrate
uptake was observed throughout the experimental study in
both the positive control and the inoculated mixed liquor
media. While a gradual increase in the nitrate uptake was
observed over the incubation period in each of the culture
media, an increase in the Ni2+ concentration resulted in a
decrease in the rate of nitrate removal by protozoan isolates.
The nitrate removal (uptake) in the modiﬁed wastewater mixed
liquor without Ni2+ (Positive controls) ranged from 42.12% to
96.98% for Peranema sp., 35.03% to 87.36% for Paramecium
Figure 1 Percentage removal of nitrate by test organisms inoculated in the modiﬁed wastewater liquor and incubated at 30 C, pH 6.5
for 4 days in the presence of various concentrations of Ni2+. (Initial concentration of nitrate in the mixed liquor: 97.15 mg/L, Positive
control: Flask with 0 mg-Ni2+/L and inoculated with test isolates).
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17.32% to 96.91% for Aspidisca sp. However, in the mixed
liquor media containing Ni2+, the ranges were as follows:
0.85% to 99.88% for Peranema sp., 0.02% to 83.92% for
Paramecium sp., 0.03% to 68.84% for Trachelophyllum sp.
and 0.02% to 56.19% for Aspidisca sp. Overall, signiﬁcant dif-
ferences were noted between the removal efﬁciency of proto-
zoan isolates inoculated in the controls and those inoculated
in the mixed liquor with Ni2+ (10 to 50 ppm). The removal
efﬁciencies of the isolates were signiﬁcantly higher in the con-
trols than in the mixed liquor with Ni2+. Although higher
nitrate removal efﬁciency of all the isolates was signiﬁcantly
noted during day 4 of exposure (p< 0.05), Peranema sp.
was found to have the highest nitrate uptake and Aspidisca
sp. the lowest nitrate uptake in the mixed liquor with Ni2+.
Even though the highest nitrate removal efﬁciency of all the
isolates occurred in the mixed liquor containing 10 mg-Ni2+/
L, this nickel concentration appeared to signiﬁcantly enhance
the ability of Peranema sp. to uptake more nitrate compared
to other protozoan isolates. In addition, at day 1, Peranema
sp. could take up twice that of nitrate concentration compared
to the other protozoan isolates. Furthermore, Peranema sp.
was the only protozoan isolate able to remove more than
30% of nitrate concentration in the modiﬁed wastewater
mixed liquor containing 30 mg-Ni2+/L. While the nitrate
uptake abilities of other protozoans decreased considerably
in the nickel mixed liquor containing up to 50 mg-Ni2+/L,
the removal efﬁciency of Peranema was still palpable (Fig. 1).Fig. 2 summarises the percentage removal of phosphate by
speciﬁc test isolates in a modiﬁed wastewater mixed liquor.
Similar to the nitrate uptake, the phosphate uptake was
observed throughout the experimental study in both the posi-
tive control and the mixed liquor media treated with Ni2+. A
gradual increase in the phosphate uptake in each inoculated
mixed liquor with Ni2+ as well as the positive controls was
observed during the experimental period. In contrast, a phos-
phate uptake rate of protozoan isolates signiﬁcantly decreased
with a gradual increase of Ni2+ concentrations in the mixed
liquor media. The phosphate removal in the modiﬁed mixed
liquor not treated with Ni2+ (Positive control) ranged from
42.69% to 98.96% for Peranema sp., 36.79% to 99.81% for
Paramecium sp., 31.90% to 84.17% for Trachelophyllum sp.
and 33.20% to 93.37% for Aspidisca sp. Whereas in the mixed
liquor media treated with Ni2+, the phosphate removal ranged
from 6.91% to 99.36% for Peranema sp., 17.72% to 86.52%
Paramecium sp., 0.65% to 74.20% for Trachelophyllum sp.
and 0.27% to 66.40% for Aspidisca sp. Although, a general
observation revealed a difference between the removal efﬁ-
ciency of test isolates inoculated in the controls and those inoc-
ulated in the mixed liquor treated with Ni2+ with the controls
indicating the highest phosphate uptake, statistical evidence
revealed no signiﬁcant difference (p> 0.05) except for Aspidi-
sca sp. (p< 0.05). The protozoan isolates demonstrated a high
removal efﬁciency of phosphate with Peranema sp. indicating
the highest removal efﬁciency and Aspidisca sp. the lowest.
In addition, the phosphate-removal efﬁciency of all test
Figure 2 Percentage removal of phosphate in wastewater inoculated with test organisms and incubated at 30 C, pH 6.5, for 4 days.
Initial concentration of phosphate in the mixed liquor (120.32 mg/L). Positive control: Flask with 0 mg-Ni2+/L and inoculated with test
isolates.
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treated with 10 mg-Ni2+/L.
While similar to nitrate, Ni2+ concentration at 10 mg/L
appeared to enhance phosphate-removal efﬁciency of
Peranema sp. in the mixed liquor media when compared to
other the protozoan isolates. In addition, the uptake ability
of Peranema sp. was greater than 50% phosphate, that is, up
to 50 mg-Ni2+/L, while Paramecium could not reach the
50% of phosphate in the presence of 50 mg-Ni2+/L. While,
Aspidisca sp. (17.34% at 40 mg-Ni2+/L) and Trachelophyllum
sp. (22.11% at 40 mg-Ni2+/L) could not remove phosphate at
a percentage higher than 30% in the mixed liquor treated with
Ni2+ at a concentration over 40 mg/L. When comparing the
uptake of nitrate and phosphate by test isolates in the modiﬁed
wastewater mixed liquor, the results revealed that Ni2+ toxic-
ity affected the nitrate uptake more than the phosphate
uptake. Furthermore, Ni2+ at a concentration of 10 mg/L
appeared to be able to enhance the nutrient uptake ability of
Peranema sp.
3.2. Determination of 24 h-LC50 of Ni
2+ to and growth/die-off
rate of test organisms
Fig. 3 illustrates the effect of Ni2+ on the growth responses of
each test isolate in the modiﬁed wastewater mixed liquor. A
general decrease in growth response was observed with an
increase in Ni2+ concentration throughout the experimentalstudy. Over the period of exposure, the growth response in
the mixed liquor not treated with Ni2+ ranged from 2 to
5log10 Cells/mL for Peranema sp., 2 to 6log10 Cells/mL for
Paramecium sp., 2 to 5log10 Cells/mL for Trachelophyllum sp.
and 2 to 6log10 Cells/mL for Aspidisca sp. However, in the
mixed liquor treated with Ni2+, the growth response of proto-
zoan isolates ranged from 2 to 4log10 Cells/mL for Peranema
sp., 2 to 5log10 Cells/mL for Paramecium sp., 2 to 4log10 -
Cells/mL for Trachelophyllum sp. and 2 to 3log10 Cells/mL
for Aspidisca sp. with an increase in growth rate ranging from
0.02 to 2.03 d1, 0.27 to 4.04 d1, 0.05 to 1.31 d1 and 0.04 to
0.50 d1, respectively. All protozoan isolates appeared to exhi-
bit a low growth rate with Paramecium sp. (4.04 d1) being the
isolate with the highest growth of all the protozoan isolates.
However, Peranema sp. was the only isolate that showed the
growth rate as being higher than its respective positive control
(1.98 d1) in culture media containing 10 Ni2+.
Furthermore, protozoan isolates exposed to Ni2+ appeared
to be sensitive when comparing their growth to that of respec-
tive positive controls. After one day of incubation, a signiﬁcant
percentage die-off rate of 46.41% was revealed in the modiﬁed
wastewater mixed liquor inoculated with Peranema sp. (24 h-
LC50: 50 mg-Ni
2+/L), while Paramecium sp., Trachelophyllum
sp. and Aspidisca sp showed die-off rate of approximately
38.12% (24 h-LC50 between 40 and 50 mg-Ni
2+/L), 62.62%
(24 h-LC50 between 30 and 40 mg-Ni
2+/L) and 62.94%
(24 h-LC50 between 20 and 30 mg-Ni
2+/L), respectively.
Figure 3 Nickel toxicity on isolates’ growth in the modiﬁed wastewater mixed liquor incubated at 30 C pH 6.5.
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Ni2+ from the modiﬁed wastewater mixed liquor. Whereas, a
general decrease of Ni2+ removal was observed throughout
the experimental study in the mixed liquor. Similar to the
removal of nutrients, the Ni2+ removal ability of isolates
appeared to decrease with an increase in the Ni2+ concentra-
tion in the culture media. Paramecium sp. (85.69%) was the
protozoan isolates with the highest percentage removal of
Ni2+ in the culture media followed by Peranema sp.
(84.02%). However, Aspidisca sp. could not remove more than
50% of the Ni2+, with the highest (45.98%) removal rate being
from the wastewater mixed liquor containing 10 mg-Ni2+/L.
For COD variation, a general increase in COD concentra-
tions was observed in the mixed liquor without Ni2+ (positive
control) and the mixed liquor treated with Ni2+. However,
COD concentration gradually decreased with the gradual
increase of Ni2+ in the treated mixed liquor media. In the
mixed liquor media without Ni2+, COD concentration varied
from 267.8 to 916.64 mg/L for Peranema sp., 281.28 to
903.52 mg/L for Paramecium sp., 274.04 to 560.88 mg/L for
Trachelophyllum sp. and 257.98 to 604.32 mg/L for Aspidisca
sp.
While in the mixed liquor media with Ni2+, the COD con-
centration varied from 219.04 to 968.32 mg/L (increase:
366.08%) for Peranema sp., 226.88 to 937.6 mg/L (increase:
335.56%) for Paramecium sp., 231.98 to 464.96 mg/L
(increase: 204.32%) for Trachelophyllum sp. and 199.17 to
541.04 mg/L (increase: 218.22%) for Aspidisca sp. A signiﬁcant
difference was noted between the COD variation in the treatedand untreated mixed liquor media with Peranema sp. and Par-
amecium sp. exhibiting a higher COD increase in the treated
sample than the untreated ones (positive controls). An overall
observation of COD variation in the treated mixed liquor
revealed the highest COD increase in mixed liquor with
10 mg-Ni2+/L.
Moreover, the antimicrobial action of Ni2+ was evident by
the decrease of DO uptake with the gradual increase of Ni2+
concentrations. In the untreated mixed liquor (positive con-
trols), the DO-percentage uptake varied from 0% to 91.14%
for Peranema sp., 0% to 95.85% for Paramecium sp., 0% to
65.97% for Trachelophyllum sp. and 0% to 43.93% for Aspid-
isca sp. However, in the mixed liquor media with Ni2+, the
DO-percentage uptake varied from 0% to 97.58% for Pera-
nema sp., 0% to 86.18% for Paramecium sp., 0% to 52.34
for 68.84% for Trachelophyllum sp. and 0% to 41.27% for
Aspidisca sp. In general, the test isolates were able to remove
above 50% of DO in the culture media containing low Ni2+
concentrations with exception of Aspidisca sp. (41.27%). A
slight difference (p> 0.05) however, was observed in the DO
uptake by the positive controls and the mixed liquor treated
with 10 mg-Ni2+/L. In addition, the DO-percentage uptake
in the mixed liquor media with 10 mg-Ni2+/L of Peranema
sp. appeared to be higher than that of the positive control.
No explanation could be given for Trachelophyllum sp. dis-
playing a higher DO-percentage uptake in the mixed liquor
containing 20 mg-Ni2+/L when compared to other concentra-
tions and their speciﬁc positive control. Peranema sp. was the
only isolate able to reach a 50% of DO removal in the samples
Table 1 Average concentrations of nickel and DO removal, and COD increase in the modiﬁed wastewater mixed liquor incubated at
30 C, pH 6.5 (n= 3).
Ni2+ (mg/L) Nickel removal (%)
Peranema Paramecium Trachelophyllum Aspidisca
Initial Final Initial Final Initial Final Initial Final
10 0 84.02 0 85.69 0 79.36 0 45.98
20 0 79 0 82.31 0 45.65 0 35.32
30 0 75.3 0 79.65 0 26.25 0 30.28
40 0 67 0 70.69 0 11.29 0 5.32
50 0 65.32 0 69.32 0 3.68 0 1.78
COD concentration (mg/L)
0 267.8 916.64 281.28 903.52 274.04 560.88 257.98 604.32
10 231.76 968.32 303.04 937.6 236.87 464.96 295.53 541.04
20 276.56 715.92 226.88 701.04 254.98 528.56 199.93 416.56
30 219.04 724.32 278 647.83 314.74 394.88 237.01 267.6
40 291.21 368.32 276.64 297.63 231.98 316.64 199.17 245.12
50 300.69 282.56 310.64 280.75 234.98 280.32 298.01 297.52
DO removal (%)
0 0 91.14 0 95.85 0 65.97 0 43.94
10 0 97.58 0 86.18 0 52.34 0 41.27
20 0 54.38 0 47.05 0 68.84 0 40.76
30 0 55 0 46.26 0 36.79 0 37.07
40 0 29.67 0 27.05 0 28.7 0 30.8
50 0 14.16 0 33.18 0 2.25 0 15.11
Positive control: ﬂask with 0 mg-N2+/L and inoculated with speciﬁc test organisms.
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within all the modiﬁed wastewater mixed liquor media were
revealed to be signiﬁcantly different to those of their respective
positive controls (p< 0.05) with the exception of Aspidisca sp.
(p> 0.05). Further statistical evidence revealed a signiﬁcant
positive correlation between the growth rate and nutrient
removal (r= 0.806/0.799, p< 0.05 for phosphate and nitrate,
respectively).
As evident in Fig. 4, the pH values in the modiﬁed wastewa-
ter mixed liquor inoculated with test isolates as well as for their
respective positive controls appeared to increase slightly with
the exception of the sample inoculated with Peranema sp.
which showed a slight decrease instead.
The pH values varied from 6.5 to –6.85 for Peranema sp.,
6.5 to 7.07 for Paramecium sp. and 6.5 to 7.02 for Aspidisca
sp. No signiﬁcant difference (p< 0.05) in terms of pH varia-
tion was noted within the samples inoculated with protozoan
isolates.
4. Discussion
In the twentieth century, water quality has constituted one of
the major challenges faced by humankind owing to the toxicity
of particular pollutants to humans and animals as well as their
environments (Prabhahar, 2012). Heavy metals are among
these pollutants discharged in water resources. They have been
reported as being capable of affecting the removal of other pol-
lutants such as nitrate and phosphate during the biological
treatment of wastewater (Balamane-Zizi and Ait-Amar,
2012). Previous studies have pointed out the effect of heavy
metals on the bacterial and algal ability to remove nitrate
(Panswad and Polprucksa, 1998; Ochoa-Herrera et al., 2011).
However, little has been known regarding the protozoanability to simultaneously remove/take up nitrate and phos-
phate in wastewater mixed liquor under heavy metal stress.
This study assessed the effect of Ni2+ on the simultaneous
uptake of nitrate and phosphate by four protozoan isolates
(Aspidisca sp., Peranema sp., Paramecium sp. and Trachelo-
phyllum sp.). The outcomes of this investigation revealed the
potential ability of protozoan isolates to simultaneously
remove nitrate (from 0.85% to 99.88% for Peranema sp.,
0.02% to 83.92% for Paramecium sp., 0.03% to 68.84% for
Trachelophyllum sp., 0.02% to 56.19% for Aspidisca sp.) and
phosphate (from 6.91% to 99.36% for Peranema sp., 17.72%
to 86.52% Paramecium sp., 0.65% to 74.20% for Trachelo-
phyllum sp., 0.27% to 66.40% for Aspidisca sp.) under Ni2+
stress. The toxicity of Ni2+ to test isolates (24 h-LC50 of
50 mg-Ni2+/L for Peranema sp., between 40 and 50 mg-
Ni2+/L for Paramecium sp., between 30 and 40 mg-Ni2+/L
for Trachelophyllum sp., between 20 and 30 mg-Ni2+/L for
Aspidisca sp.) was revealed to affect their ability to remove
nitrate and phosphate in the mixed liquor media compared
to their respective controls with a decrease of the percentage
removal over a gradual increase of Ni2+ concentration (Figs. 1
and 2). Findings of the present study corroborate those of
Awasthi and Rai (2005), who investigated the toxicity of
Ni2+ and Cd2+ to nitrate uptake in free and immobilised cells
of Scenedesmus quadricauda. These authors observed approxi-
mately 45%, 50%, and 45% inhibition of nitrate uptake by
this organism following the addition of LC50 concentrations
of Ni2+, Zn2+ and Cd2+, respectively. Tsai and co-workers
(2006) pointed out that Cd2+ at 2 mg/L could affect the bio-
logical reaction of phosphate removal, while at 5 mg/L, the
Cd2+ removal efﬁciency of total nitrogen and nitriﬁcation
dropped substantially. A study conducted by You et al.
(2009) revealed that Ni2+ could inhibit the speciﬁc ammonia
Figure 4 Variations of pH in the modiﬁed wastewater mixed liquor inoculated with test isolates incubated at 30 C, pH 6.5 for 4 days.
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bacterial species. Hu et al. (2002) also reported that Ni2+ and
Cd2+ inhibit ammonium oxidation but not nitrite oxidation at
total analytical concentrations of approximately 1.0 mM.
These studies clearly demonstrated the negative impact of
heavy metals on the biological wastewater treatment. It is
therefore important to continue to monitor the impact of
heavy metals on the dynamic population of wastewater
systems. This will allow a breakthrough in identifying microor-
ganisms resistant to heavy metals and the capability of playing
a role in their removal before their discharge in the receiving
water body.
Furthermore, in the present study, Ni2+ at 10 mg/L
appeared to enhance the ability of the Peranema sp. uptake
of both nitrate and phosphate in modiﬁed wastewater mixed
liquors when compared to its speciﬁc positive control. Nickel
(Ni2+ ion) at a low concentration has been reported not to
have any effects (toxic or stimulating) on the biological
treatment process (Taseli et al., 2008; Rarunroeng and
Sirianuntapiboon, 2012). Taseli et al. (2008) reported that high
level heavy metals are toxic to most microorganisms and cause
major damage to the wastewater treatment process. These
authors indicated that Ni2+ and Cr3+ at concentrations below
10 and 20 mg/L respectively do not disturb the performance of
the biological wastewater treatment process while a concentra-
tion of above 10 mg-Ni2+/L was toxic to the system.
Rarunroeng and Sirianuntapiboon (2012) also reported that
at 3 mg/L, Ni2+ did not have any effect on the nitrifying or
denitrifying bacteria, while the growth and activity ofdenitrifying bacteria were suppressed at 3 mg/L Cr3+.
Notably, Ni2+ has been previously reported to stimulate the
growth of microorganisms (Gikas, 2007, 2008). In his study,
Gikas (2007) revealed that at approximately 27 mg-Ni2+/L,
the microbial growth in the activated sludge was stimulated.
Recently, Kamika and Momba (2011) conﬁrmed that Ni2+
at certain concentrations can stimulate the microbial growth.
These authors reported that 10 mg-Ni2+/L was able to stimu-
late the growth of Peranema sp. in modiﬁed wastewater mixed
liquors.
Besides the removal of nutrients and the toxicity of Ni2+,
the test organisms appeared to be able to also remove Ni2+
especially at low concentrations. The protozoan isolates with
the highest Ni2+ removal was Paramecium (85.69%,) followed
by Peranema sp. (84.02%), Trachelophyllum sp. (79.36%) and
Aspidisca sp. 45.98% (Table 1). Previous studies also indi-
cated metal uptake by protozoan species such as Colpoda stei-
nii, Colpoda inﬂate, Cyrtolophosis elongate, Drepanomonas
revolute, Uronema nigricans and Euplotes sp. and Euplotes mut-
abilis (Leborans et al., 1998; Martin-Gonzalez et al., 2005;
Diaz et al., 2006; Rehman et al., 2006). The study carried
out by Leborans and co-workers Leborans et al. (1998)) dem-
onstrated that marine protozoan was able to accumulate 50%
of Pb from the culture media containing 1000 lg-Pb/L.
The removal of DO in the culture media was reported as
being due to the microbial activity and growth (Kamika and
Momba, 2011). The present results indicated an increase in
COD and decrease in DO concentration (r= 0.895) in the
inoculated wastewater mixed liquor during the experimental
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inhibited with a gradual increase of Ni2+ concentration. This
could be due to the antimicrobial effect of Ni2+ on test isolates
negatively affecting the microbial growth (Matolcsy et al.,
1988). Similar results have been also found by Akpor et al.
(2008), who reported an increase in COD in mixed liquor inoc-
ulated with protozoan isolates (Peranema sp., Paramecium sp.,
trachelophyllum sp. and Aspidisca sp.). The present results dis-
agreed with those of Tsai et al. (2006), who showed a removal
of COD in the wastewater which dropped with a continuous
increase in Cd2+ concentration. However, the decrease in
COD from wastewater as indicated by Tsai et al. (2006) could
be due to the difference in metal used (Ni2+: this study and
Cd2+: Tsai’s study) as well as microorganisms used (eukary-
otic cells: this study and prokaryotic cells: Tsai’s study). A
slight increase in the pH values was noted in the modiﬁed
wastewater mixed liquors inoculated with test isolates with
exception of Peranema sp that displayed a slight decrease in
pH. This increase in pH values has been previously reported
by both Akpor et al. (2008) and Chevalier et al. (2000).
5. Conclusion
For centuries, the ever-growing population and industrialisa-
tion or urbanisation have resulted in an increase in water
resource pollution. This environmental damage has become a
global issue due to the public health concerns associated with
pollutants after the disposal of polluted wastewater in receiv-
ing water bodies. The outcomes of the present study reveal that
the Ni2+ antimicrobial action negatively affects the uptake
ability of all the protozoan isolates. Nitrate and phosphate
removal appears to gradually decrease with a gradual increase
of Ni2+ concentrations in the modiﬁed wastewater mixed
liquor over the period of exposure. The modiﬁed wastewater
mixed liquor inoculated with Peranema sp. reveals the highest
removal of both nitrate and phosphate (86.52% – Phosphate
and 83.92% – Nitrate) when compared to other protozoan iso-
lates. At a concentration of 10 mg/L, Ni2+ appears to enhance
the ability of Peranema sp. to take up both nitrate (99.88%)
and phosphate (99.36%) in the modiﬁed wastewater mixed
liquor when compared to its respective positive control, which
does not contain Ni2+ (96.98% for nitrate and 98.96% for
phosphate). Nickel uptake is also observed in the modiﬁed
wastewater mixed liquor with Paramecium sp. (85.69%) which
demonstrates the highest uptake compared to other protozoan
isolates. This study suggests that protozoan isolates, especially
Peranema sp., is a potential candidate for the bioremediation
of pollutants such as nitrate and phosphate in wastewater sys-
tems containing Ni2+. Further studies are needed to identify
more protozoan species able to simultaneously remove nutri-
ents and heavy metals during the treatment of wastewater.
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